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The NADH:ubiquinone oxidoreductase, respiratory complex I,
from E. coli consists of 13 different subunits and 10 cofactors. In
E. coli the genes are named nuoA-nuoN and the corresponding
subunits NuoA-NuoN. Little is known about the assembly of this
complicated machinery. To detect and characterize possible assembly
intermediates, knockouts for all nuo-genes were individually created.
Only in the ΔnuoL-strain a membrane-bound assembly intermediate
was detected [1]. Overexpression of all nuo-genes except nuoL led to
the formation of two populations of this variant. An active population
contained all cofactors and subunits except NuoL. A second, inactive
population was lacking the distal iron–sulfur cluster N2. Furthermore,
this population was tightly associated with an additional cyto-
plasmatic protein, the inducible lysine decarboxylase (LdcI) [2]. In
vivo LdcI forms a complex with a member of the AAA+-ATPase, which
is discussed to be involved in protein folding and metal cofactor
insertion [3]. Therefore we propose that LdcI might be involved in the
assembly of E. coli complex I. To address this question, complex I and
the ΔNuoL variant were overproduced in a strain lacking the ldcI-
gene, without a detectable effect on the growth of the mutants.
However the loss of LdcI seems to inﬂuence the assembly of E. coli
complex I produced under physiological conditions.
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The mitochondrial oxidative phosphorylation (OXPHOS) system
consists of ﬁve multi-protein complexes (Complex I to Complex V)
and is an important pathway for ATP production in most human cells.
Complex I (CI) and Complex III (CIII) are two key players in the
respiratory chain. CI is the main entry point for electrons in the form
of NADH, and CIII is the enzyme at which all electron entry points
converge for the ultimate goal of ATP production. This is achieved by
the build-up of a proton gradient across the mitochondrial inner
membrane, which can be used to drive the proton pump of ATP
synthase.
To better understand the cell biological consequences of mito-
chondrial disorders, we here chemically inhibited either CI (Rote-
none, ROT) or CIII (Antimycin A, AA) in HEK293 cells. As a
consequence, cellular oxygen consumption is fully impaired in both
conditions. ATP concentration as measured by the biosensor ATeam
in the mitochondrion was similarly reduced in CI- and CIII inhibited
cells whereas cytosolic free ATP levels are not detectably affected.
However, the energy-sensing enzyme 5'AMP-activated protein kinase
(AMPK) was upregulated in both conditions. Strikingly, the mito-
chondrial membrane was hyperpolarized only in CI inhibited cells,
whereas CIII inhibited cells displayed a decrease in membrane
potential. It appears that not only the respiratory chain, but also
reverse mode action of Complex V and the adenine nucleotide
translocase (ANT) are involved in maintaining mitochondrial mem-
brane potential in glycolytic cells.
Finally, calcium homeostasis is affected in CI inhibited cells, but not
in CIII inhibited cells. These data suggest a respiration-independent role
for CI.
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The NADH:ubiquinone oxidoreductase (complex I) is the ﬁrst
enzyme in the respiratory chain. It couples the two electron reduction
of a quinone molecule by NADH to proton translocation by an
unknown mechanism. The archetypical prokaryotic enzyme has 14
subunits, seven of which make up the membrane domain; a further
seven constitute the hydrophilic peripheral arm. The eukaryotic
enzyme consists of this conserved core plus a variable number of
supernumerary subunits, thus making the bacterial enzyme an
appropriate model. Recently atomic resolution structures were solved
for the membrane domain from Escherichia coli (222 kDa) and the
whole complex from Thermus thermophilus (550 kDa). These struc-
tures have conﬁrmed the presence of three antiporter-like subunits
(Nqo12/13/14) and revealed an unexpected long amphipathic helix
both of which have been implicated in a possible conformational
coupling mechanism. It is generally accepted that the coupling ion
pumped by complex I is the proton, however in the case of some
bacterial enzymes sodium has been proposed. There is also some
evidence that complex I may be capable of sodium antiport. We
have reconstituted T. thermophilus complex I into well coupled
proteoliposomes and have used these as a system in which to
investigate proton pumping and sodium antiport. Using the pH
sensitive ﬂuorescent dye ACMA we have been able to conﬁrm proton
pumping by T. thermophilus complex I. In addition we have shown
qualitatively that the presence of a sodium gradient does not enhance
proton pumping by complex I. This suggests that T. thermophilus
complex I is not capable of sodium-proton antiport. These ﬁndings
will be useful in reconciling structural data with enzyme function.
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The respiratory complex I couples the transfer of electrons from
NADH to (ubi)quinone with the translocation of protons across the
membrane. Electron microscopy and X-ray crystallography revealed
the two-part structure of the complex consisting of a peripheral arm
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